We report the cloning of Xenopus laevis Xsap-1 cDNA, encoding a member of the ternary complex factor subfamily of ETS transcription factors. The expression pattern of Xsap-1 was examined during Xenopus embryogenesis using whole-mount in situ hybridization. Spatial expression of Xsap-1 mRNA is first detected at the animal pole at the mid-blastula stage. During neurulation Xsap-1 is expressed in cells participating in neural tube formation, in the sensorial layer of the epidermal ectoderm, and in an anterior region of the ventral mesoderm. Later, Xsap-1 expression is observed in the eye, ear vesicle, branchial arches, heart, pronephros, in the somites, and the developing nervous system, such as fore-, mid-, and hindbrain as well as in the cranial ganglion X. q
Cloning and expression pattern of Xsap-1
Several genes encoding ETS transcription factors have been isolated in Xenopus laevis: e.g. Xfli (Meyer et al., 1993) , Xets-1/Xets-2 (Meyer et al., 1997) , Xer81 (Muenchberg and Steinbeisser, 1999; Chen et al., 1999) and Xerg (Baltzinger et al., 1999) . Genes encoding ETS proteins of the TCF (ternary complex factor) subfamily have been isolated from human, mouse (reviewed in Treisman, 1994) , and zebrafish (Brown et al., 1999) . These ETS proteins interact with SRF (serum response factor), forming ternary complexes with elements in the promoters of immediate early genes, such as c-fos and egr-1 (Shaw et al., 1989) . However, so far no TCF has been identified in Xenopus laevis.
A Xenopus TCF transcription factor Xsap-1 was isolated from a gastrula cDNA-library by rapid amplification of cDNA ends -polymerase chain reaction (RACE-PCR) using degenerated ets-domain primers (GenBank AY029410). Four functional domains can be identified in the deduced 406 amino acid sequence (Fig. 1A , (A) DNAbinding (ETS-domain); (B) SRF-interaction; (C) mitogenactivated protein kinase (MAPK)-phosphorylation; (D) MAPK-interaction). These domains show the highest homology to the corresponding domains of human SAP-1A (Dalton and Treisman, 1992) and mouse SAP-1A (Giovane et al., 1994) . The overall homology of human and mouse SAP-1A, and zebrafish TCF-1, to XSAP-1 is 60, 58 and 48%, respectively (Fig. 1B) . Temporal expression of Xsap-1 mRNA in embryos of different developmental stages was analyzed by reverse transcription-polymerase chain reaction (RT-PCR) using sequence-specific primers. Xsap-1 is expressed maternally, and transcripts are present throughout early embryonic development with decreased expression during gastrula stages (Fig. 1C) .
The spatial expression pattern of Xsap-1 mRNA throughout early embryogenesis was studied by in situ hybridization. Embryos of different developmental stages 12.5, 20 and 36) were fixed and subsequently subjected to whole-mount in situ hybridization using Xsap-1 antisense RNA (Fig. 2) . Expression of Xsap-1 is first detected in blastula stage embryos (NF8) at the animal pole ( Fig. 2A) . At the gastrula stage (NF12.5) weak signals are found dorsally in the notoplate (Fig. 2B , np) and the adjacent regions (Fig. 2B , stars). These expression domains enlarge during neurulation. Xsap-1 is then expressed in two stripes flanking the dorsal midline ( Fig. 2C , dm) and in broad domains on both sides of a NF20 embryo (Fig. 2C, stars) . The striped expression domains extend anteriorly (data not shown). Histological sections of embryos derived from the same developmental stage reveal that Xsap-1 is expressed in cells participating in neural tube formation (Fig. 2D , nt) and in cells of the sensorial layer of epidermal ectoderm rather than lateral plate mesoderm ( Fig. 2D, arrows) . This was confirmed in parasagittal sections which reveal strongest signals in the inner layer of the double-layered epidermis (data not shown). Additionally, with respect to the dorso-ventral axis, a slightly asymmetrical Xsap-1 expression domain is found in the ventral mesoderm of these NF20 embryos (Fig. 2E, vm) . This domain is located anteriorly to the central part of the body and represents a region where the heart forms at later stages. In tadpole embryos (NF36) Xsap-1 is expressed in different regions of the head, such as forebrain, eye and ear vesicle ( Fig. 2F ; fb, e, ev), and in a region posterior to the ear vesicle (Fig. 2F, arrow) . In the cement gland, in contrast, no Xsap-1 signals could be detected (Fig. 2F, cg) . Additional expression was found in the branchial arches, the pronephros, and in the somites ( Fig. 2F ; ba, pn, so). Furthermore weak Xsap-1 signals could be detected in the heart (Fig. 2F, he) . Histological sections of embryos derived from the same developmental stage show that Xsap-1 is expressed not only in the most anterior part of the brain but also in all areas from fore-to hindbrain ( Fig. 2G ; fb, mb, hb). In the eye the strongest signals for Xsap-1 are found in the lens (Fig.  2H, le) . Adjacent to the ear vesicle, where Xsap-1 is expressed, a further expression domain was identified which overlaps, in shape and position, with the cranial ganglion X ( Fig. 2I , arrow; compare with Fig. 2F ). 
Methods

Cloning and RT-PCR
X. laevis handling and in situ hybridization
Eggs were collected from X. laevis females (Xenopus I) which had been injected with 700 units of human chorionic gonadotropin 10-12 h prior to egg collection. Eggs were fertilized with a sperm solution, incubated in 0.1 £ MMR and staged according to Nieuwkoop and Faber (1967) . Whole-mount in situ hybridization was performed as previously described (Steinbeisser et al., 1995) using Xsap-1 cDNA as probe.
Histological sections
After whole-mount in situ hybridization the embryos were embedded in cold water fish gelatin/sucrose, and cryosec- . Xsap-1 is expressed in the lens (le), the ear vesicle (ev), and in a region posterior to the ear (arrow in I; in both figures dorsal is oriented to the top). In all figures the bar represents 300 mm. Embryo staging was according to Nieuwkoop and Faber (1967) . Abbreviations: a, anterior; an, animal pole; ar, archenteron; ba, branchial arches; bc, blastocoel; bp, blastoporus; bv, brain ventricle; cg, cement gland; dm, dorsal midline; e, eye; ee, epithelial and sensorial layer of epidermal ectoderm; ev, ear vesicle; eym, endodermal yolk mass; fb, forebrain; fg, foregut; hb, hindbrain; he, heart; le, lens; mb, midbrain; no, notochord; np, notoplate; nt, neural tube; p, posterior; pe, pigment epithelium; pn, pronephros; sm, somitic mesoderm; so, somites; v, vegetal pole; vm, ventral mesoderm.
